most compelling. Most nanoparticle synthesis methods result in nanoparticles bounded by low-index, low-energy faces such as the {111} or {100} atomic planes (6) . This makes intuitive sense, as any high-energy face should grow itself out of existence, leaving particles bound by more stable faces. Unfortunately, particles with mostly lowenergy surfaces contain a low percentage of atomic edge and corner sites. The synthetic method of Tian et al. produces particles capped by {730} faces, a surface structure that contains a relatively high density of atomic step edges (see the right panel of the figure). The authors calculated that 43% of the total number of surface atoms reside along steps, which can be compared to 6%, 13%, and 35% for 5-nm-diameter platinum cubes, spheres, and tetrahedral particles, respectively (5) .
Along with the increase in edge atoms, Tian et al. report an increase in the efficiency of ethanol and formate oxidation. The enhancement factor, defined as the ratio of fuel oxidation rates by Pt tetrahexadra (nanocrystals with 24 faces) versus spheres, was 400% for formate and 200% for ethanol. The platinum tetrahexahedra were also unexpectedly thermally stable, resisting morphological changes even at temperatures of 800°C. This is an important consideration in fuel cell applications where temperatures of hundreds of degrees Celsius are often employed to maximize efficiency and reduce problems with CO.
Perhaps as surprising as the resulting shape and catalytic activity of the platinum tetrahexahedra is the method Tian et al. used to fabricate the particles. A majority of synthetic methods aimed at manipulating the size and shape of nanoparticles have used molecules, surfactants, or polymers to mediate particle growth. When present in solution during particle nucleation and growth, these mediators can bind preferentially to certain faces of the growing particle. This can slow or speed growth along those faces relative to others, affecting the shape of the resulting nanoparticle.
Like Michael Faraday more than 150 years ago, however, Tian et al. used an electrochemical method to generate their nanoparticles, electrodepositing them onto a graphite electrode. Although the electrodeposition of spherical palladium nanoparticles and nanowires at constant potential has been demonstrated previously, those structures had a rough and granular morphology and grew along step edges on the graphite substrate (7).
Tian et al. first deposited platinum spheres on the electrode using a constant potential but then added a potential pulse sequence that alternated between reducing and oxidizing potentials at a rate of 10 Hz. The alternating potential caused electrochemical reactions on the nanoparticle surface that may affect its growth in much the same way that molecular mediators manipulate the growth of nanoparticles from solution. During the positive potential steps, a monolayer of PtO and PtOH is thought to form on the high-index {730} faces, which increases their stability. In contrast, oxygen atoms may diffuse into the lattice beneath the {111} faces, creating an unstable, disordered surface structure. As the electrode potential is gradually made negative, the oxide/hydroxide surface is removed, and fresh platinum is deposited in place of the atoms at the {111} face, preserving the {730} faces.
With this electrochemical approach to nanoparticle shape control, metal deposition times and adsorption reaction rates can be controlled precisely through applied potential and potential step frequency. It will be interesting to learn more about the role of these parameters in directing nanoparticle shape. It will also be exciting to explore the electrochemical synthesis of mixed metal and metal oxide nanoparticles, because the presence of other atoms at edge sites in the lattice could enhance catalytic reactivity further, while lessening the amount of expensive precious metal used. are used to define atomic packing at the surface of a material. A low-index (small numbers) surface will generally have a lower energy than a high-index surface because the atoms are packed more tightly and will thus have fewer open coordination sites. 7. F. Favier, Science 293, 2227 (2001).
10.1126/science.1143093 C hloroplasts, the cellular organelle in plants where photosynthesis takes place, are responsible for capturing the solar energy that fuels the activities of many organisms on Earth. The ancestors of these plastids were cyanobacteria that were engulfed by a eukaryotic cell. Through a process of symbiogenesis, most symbiont genes were transferred to the host genome, such that more than 95% of chloroplast proteins are encoded by nuclear genes (1). This dispersal of genetic material requires plant cells to coordinate gene expression in both organelles. Much of this involves anterograde communication, from the nucleus to the chloroplast. In return, chloroplasts send retrograde signals to the nucleus to control the expression of nuclear genes that encode chloroplast proteins. This bidrectional signaling is necessary for plants to maintain their photoautotrophic lifestyle and adapt to challenging environments. On page 715 of this issue (2), Koussevitzky et al. begin to define a retrograde signaling pathway that multiple chloroplast signals use to communicate with the nucleus.
Three independent chloroplast retrograde signals have been identified in algae and higher plants (3) . The best-defined signal is the accumulation of Mg-protoporphyrin IX (MgProtoIX), a tetrapyrole that is generated during chlorophyll biosynthesis. Alterations in plastid gene expression and in the photosynthetic electron transport chain also trigger retrograde signals, generally in response to aberrant chloroplast development and to stressful environmental conditions. However, little has been known about how these events in the chloroplast impinge upon the nucleus. Koussevitzky et al. now report that in the model plant Arabidopsis thaliana, the chloroplast-localized pentatricopeptide-repeat protein GUN1 (genomes uncoupled 1) is a node where different chloroplast retrograde signals converge. They also identify the nuclear AP2 (APETALA 2)-type transcription factor ABI4 Plant chloroplasts respond to environmental and developmental stress through a signaling pathway that controls gene expression in the nucleus. (8) . Only a few family members, however, have been ascribed biological functions. Koussevitzky et al. show that GUN1 is a chloroplast-localized protein that binds to DNA, suggesting that it may regulate retrograde signaling by controlling plastid gene expression. Moreover, GUN1 regulates a set of nuclear target genes in common with GUN5, and acts downstream of the Mg-ProtoIX signal generators GUN2, 3, 4, and 5 (2) .
Signaling to the Nucleus with a Loaded GUN
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What are the targets outside the chloroplast to which GUN1 relays the retrograde signals? Koussevitzky et al. show that the nuclear transcription factor ABI4 is activated downstream of GUN1. In response to GUN1 activation, ABI4 binds to a specific regulatory element in DNA, thereby repressing the expression of target genes. Furthermore, the GUN1-ABI4 pathway not only conveys the Mg-ProtoIX signal, but also the retrograde signals derived from alterations in plastid gene expression and in the photosynthetic electron transport chain. It is not clear whether the three chloroplast signals lead to the production of a common signal that is then perceived by GUN1, or whether GUN1 generates a common signal in response to the three signals. In either case, GUN1 appears to serve as a key relaying component, sending the pertinent message to the nucleus. This is particularly interesting because the identity of plastid gene expression signal remains elusive. As well, the redox state of the plastoquinone pool or reactive oxygen species generated in chloroplasts elicits a nuclear response, but it has been unclear how redox signals are delivered to the nucleus. It now appears that these signals converge onto the GUN1-ABI4 pathway (see the figure).
ABI4 also regulates nuclear gene expression in response to the plant hormone abscisic acid (9) , which plays an important role in chloroplast development and function. GUN5 also happens to be a receptor for abscisic acid (10) . In addition, abscisic acid precursor biosynthesis occurs in chloroplasts, and the organelle harbors an intracellular pool of the hormone. This raises the question of whether the hormone signal and retrograde signals cross-talk to control nuclear gene expression. Regulatory elements that respond to abscisic acid are found in promoter region of many nuclear genes that encode chloroplast proteins. Moreover, abscisic acid represses the expression of nuclear genes that encode chloroplast proteins, including those involved in photosynthesis and tetrapyrrole biosynthesis (11) . Many of these nuclear genes are also targets of the GUN1-ABI4 retrograde signaling pathway. However, Koussevitzky et al. show that GUN1-ABI4-mediated retrograde signaling is independent of hormone signaling. Shen et al. (10) also show that abscisic acid signaling through GUN5 is distinct from plastid retrograde signaling through GUN5. Both studies suggest that hormone signaling shares some components with chloroplast-to-nucleus signaling, but the two pathways do not appear to interact. But given the important role of abscisic acid in regulating the expression of nuclear genes that encode chloroplast proteins, it is worth further investigating whether the two signaling pathways intersect at some currently unidentified nodes or in some as yet unknown manner.
What might be the advantage of a single pathway that integrates numerous signals? Because of their fixed location, plants must endure various stressful conditions, and as such, generate multiple signals to ensure survival. The diversity of signals is necessary to maximize the chances of successfully altering gene expression. Integration of the multiple signals is essential for coordinating gene expression to achieve appropriate physiological responses. Such integration of multiple signals is seen in phytohormone signaling (12) and flowering regulation (13) . It is not yet clear whether GUN1 functions alone, or whether additional regulators are at work or at least poised to function when the GUN1-mediated step is lesioned. It seems necessary, for example, to explore possible redundant functions of GUN1 homologs within the pentatricopeptide-repeat family in regulating the retrograde signaling, and to screen other downstream transcription factors. The story is only beginning to unfold. Backtalk. Three chloroplast signals-Mg-ProtoIX and signals derived from the chloroplast genome and the photosynthetic machinery-generate a common signal. GUN1 may either generate this common signal or perceive it. GUN1 then communicates with the nucleus (by an unknown pathway) to control gene expression by the transcription factor ABI4.
